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Objective: To apply PCR-based DNA fingerprinting in  a clinical microbiology laboratory to investigate nosocomial 
infections with Staphylococcus haernolyticus. 
Methods: DNA fingerprints were generated by PCR on 99 S. haernolyticus isolates using different primer combinations 
based on ERIC, REP or arbitrarily chosen simple repeat sequences. 
Results: Primer combinations REP1 +(GTC)e and ERIC1 +ERIC2 had sufficient discrimatory power and were chosen to  
analyze the clinical isolates. DNA fingerprint patterns from strains isolated from the patients nursed in the same hospital 
ward in the period 1991-94 were approximately 90% similar t o  each other. One staff member, sampled in 1991, carried 
a strain with a similar fingerprint. 
Conclusions: PCR based DNA fingerprinting is a suitable method to perform in a clinical laboratory. An S. haernolyticus 
strain appeared to be endemic in  the hospital ward and had most probably been transmitted from patient to patient. 
S. haernolyficus may carry glycopeptide resistance and needs attention as a causative agent of nosocomial infections. 
Key words: Staphylococcus haernolyticus, molecular epidemiology, nosocomial infection, polymerase chain reaction, 
DNA fingerprinting 
INTRODUCTION 
Coagulase-negative staphylococci (CNS) are frequently 
isolated in clinical material and are mostly considered 
to be contaminants from normal skin flora. However, 
contaminated wounds or indwelling medical devices 
may lead to septicemia with CNS [l-31. In surveillance 
studies of nosocomial infections, the prevalence of 
CNS is high and Stuphylococcus epiderriidis is most 
frequently encountered. The emergence of glyco- 
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peptide-resistant Staphylococcus haemolyticus has been 
described in immunocompromised patients [4,5]. 
Previously, Degener et al. [6] have described a patient 
with neutropenia who became colonized with S. 
huemolyticus. The first isolates colonizing the skin and 
the gastrointestinal tract were susceptible to vanco- 
mycin. Subsequently, bacteraemia developed which did 
not respond to therapy with vancomycin. When five 
other patients in the same hospital ward were colonized 
with S. huemolyticur, endemic spread of a nosocomial 
strain had to be considered. 
In the previous study, some of the isolates were 
examined with several phenotypic methods such as 
biotyping, susceptibility tests and immunoblotting [6]. 
In addition, restriction fragment length polymorphism 
(RFLP) and pulsed-field gel electrophoresis (PFGE) 
were performed. Although these techniques provided 
useful information, the molecular methods are labor- 
intensive and are not easily performed in a routine 
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medical microbiological laboratory. DNA finger- 
printing by polymerase chain reaction (PCR) has 
proven to be an adequate means of typing micro- 
organisms and is technically less demanding than RFLP 
and PFGE 171. PCR-mediated fingerprinting is based 
on targets of prokaryotic repetitive extragenic palin- 
dromes (REP), enterobacterial repetitive intergenic 
consensus (ERIC) sequences or arbitrarily chosen 
sequences (AP-PCR) [8] .  PCR-based DNA finger- 
printing includes DNA isolation, amplification of 
target sequences and analysis of the amplicons on 
agarose gel [7,9]. In this study S. huemolyticus isolates 
from a possible outbreak were used to set up an 
epidemiologic typing system based on PCR finger- 
printing. The genetic relationship of S. haernolyticus 
isolates from the patients and the staff was investigated 
to determine the local spread of a particular strain [lo]. 
MATERIALS AND METHODS 
Patients and Staphylococcus haemolyticus isolates 
Patients 1 ,  2 and 3 were neutropenic patients nursed in 
the hematologic intensive care unit of the Leeuwarden 
Medical Centre. Patients 1 and 2 died of sepsis with 
S. lzuernolyticus in 1991 and 1994, respectively 16,111. 
Patient 3 was hospitalized in 1995 and was colonized 
with S. lzaernolyticiis in the throat, nose, gut and urinary 
bladder, but not in the bloodstream. Bacterial isolates 
were identified and confirmed to be S. hemolyticus on 
the basis of colony morphology, urease, pyrrolidonyl 
arylarnidase and coagulase tests, and API-Staph (API- 
bioMkrieux, 's-Hertogenbosch, The Netherlands) 
We examined 99 S. haernolyticus isolates derived 
from various body sites of the patients and the staff, 
from the environment and from non-related sites (Table 
1). Thirteen isolates were derived from patient 1, twelve 
from patient 2 and three from patient 3, while five 
isolates were obtained froni five other patients nursed 
in the same hematologic intensive care ward in the 
period 1992-94. From the hands, nose and groin of the 
medical and nursing staff, 16 S. huemolyticus isolates 
were derived in 1991 and another 29 in the period 
1994-95. In 1994, four isolates could be obtained from 
the environment in the ward, such as air and nursery 
eyuipment. Seventeen isolates were obtained from 
non-related sites in hospitals in other parts of the 
country. Further details are listed in Table 1. One 
isolate (no. 1 )  was used as a reference strain in all tests. 
11 11. 
Isolation of genomic DNA 
S. Imwmlyticitr  isolates were plated on blood agar and 
grown overnight at  37°C. One colony from the plate 
was inoculated in tryptone soy broth (Oxoid Ltd., 
Basingstoke, UK) and grown with gentle shaking 
overnight at 37°C. Ofthe culture, 1 mL was centrifuged 
for 5 min at 10 000 g, and the pellet was resuspended 
in 500 pL of 10 mM Tris, 1 nlM EDTA, pH 8.3 
(1 xTE) containing 200 U of recombinant lysostaphin 
(Ambicin L, Aplin & Barrett Ltd. Trowbridge, UK) and 
incubated at  37°C for 50 min. DNA was extracted 
from the spheroplasts using sodium dodecylsulfate, 
proteinase K and hexadecyl ammonium bromide 
(CTAB) as described [12]. The final DNA pellet was 
resuspended in 100 pL IxTE,  and DNA concentra- 
tions were estimated by electrophoresis on 0.8% agarose 
gels containing 0.5 pg/mL ethidiuni bromide and 
visual comparison with a h Hind111 molecular weight 
marker (Gibco BRL Life Technologies, Breda, The 
Netherlands). The DNA concentration was adjusted to 
approximately 10-50 ng per 5 pL of sample. 
PCR-based DNA fingerprinting. 
PCK was performed in 25 pL containing 10 mM Tris- 
HC1 (pH 9.0), SO mM KCl, 1.5 mM MgC12, 0.1% 
Triton X-100 and 0.01% gelatin, 200 pM (each) 
deoxynucleotides, 0.125 U o.f Super Ttlz DNA 
polymerase (Sphaero Q, Leide n, The Netherlands), 
5 pL of template DNA and 20 cIr 50 pmol of primers. 
In order to obtain interpretable and reproducible 
fingerprint patterns, different primer combinations 
were examined: ERIC primers [8], REP primers 181 
and siniple repeat oligo primers consisting of repeatc of 
triplets. In detail, 20 pmol was used of the primers 
ERIC 1, (S'-ATGTAAGCTCCTGGGGATTCAC-3') 
and ERIC2 (5'-AAGTAAG'TGACTGGGGTGA- 
GCG-37, and 50 pmol of primers REP1 (5'- 
RCGYCGICATCMGGC-3'), REP2 (5'-YCGRC- 
CGTCGTCGTC-3') and (TCCJb (S'-TCCTCCTC- 
CTCCTCCTCC-3') (R=A or G, Y=C or T, M=A or 
C, K=G or T) (Isogen, Maarsstn, The Netherlands). 
The mixture was overlaid with two drops of mineral oil 
and cycling reactions were ptrfornied in a DNA 
thermal cycler (Perkiti-Elmer Cctus, Nonvalk, Conii., 
USA). An initial incubation of' 6 niin at 94°C was 
followed by 30 cycles with 1 n-in at  94"<:, 1 min at 
25°C and 3 min at 72°C. At the end, 5 cycles were 
added in which the annealing temperature was in- 
creased from 25°C to 50°C, unless stated otherwise. 
PCK products were separated k~y electrophoresis, 2.5 
V/cm for 5 h on 1.4% agarox gels with ethidiuni 
bromide and photographed using a Polaroid camera 
with 667 film. The fingerpriiits were analyzed by 
visual inspection by two different persons. Unique 
DNA banding patterns were indexed by capitals; an 
apostrophe was added when fingerprints differed with 
one faint band only. In addition, cluster analysis was 
TTATCKGGCCTAC-3'), (GTC)h (5'-GTCGTCGT- 
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performed with GelCompar software (Applied Maths, 
Kortrijk, Belgium) after scanning of the Polaroid 
negatives with an HP Scan Jet. For grouping of 
patterns, the UPGMA (unweighted pair group method 
using arithmetic averages) was used with the Jaccard 
coefficient. 
Pulsed-field gel electrophoresis 
PFGE from a limited number of S. haemolyticur isolates 
was performed as described earlier [6]. Genomic DNA 
was digested with restriction enzyme SmaI. 
RESULTS 
Conditions for P C R  fingerprinting, such as primer and 
enzyme concentrations, annealing temperature and 
gel electrophoresis time, were adjusted to improve 
the discriminatory power and the reproducibility of 
the DNA patterns. For this optimization, a set of 10 
S. haemolyticur isolates was compiled, consisting of five 
isolates with a probable high percentage of similarity 
and five isolates from non-related sites with a low 
similarity percentage. Different combinations of 
primers with variations in annealing temperature were 
investigated to achieve maximum discriminatory 
power. After initial amplification cycles with an 
annealing temperature of 25°C or 3OoC [9], the 
annealing temperature was increased to 50°C for 
another five cycles. With this method, the number of 
faint bands in the DNA fingerprints was decreased. 
Representative fingerprints are shown in Figure lA, B 
and C. Primer set I, a combination of primers REP1 
and (GTC)6, and primer set 11, with primers ERIC1 
and ERIC2, had sufficient discrimatory power and 
were chosen for analysis of the isolates. For P C R  with 
primer set I11 with primers REP2 and (TCC)6, 
alternative annealing temperatures were used: five 
cycles at 40°C were followed by 25 cycles at  6 O O C .  
Figure 1A Representative DNA fingerprints from S. haemolyticus isolates. Strain numbers are indicated to the left and 
correspond with the numbers given in Table 1. Primer set I, REPl+(GTC)6; 
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With primer set 111, fingerprints were obtained with 
two to four bands only. However, these patterns were 
characteristic and were used as additional data on the 
variability of the strains. The patterns obtained were 
reproducible with regard to different reactions per- 
formed on the same DNA preparation and on different 
DNA preparations from the same bacterial strain (data 
not shown). 
The results of the visual analysis of the DNA 
fingerprints derived with the three primer sets and 
supplemented with PFGE patterns from a number of 
strains are presented in Table 1. The strains from patient 
1, patient 2 and five other patients showed fingerprint 
patterns BB8, CBB or CCB. The capitals in these 
patterns are derived from primer set I, primer set I1 and 
primer set 111, respectively. The DNA fingerprints of 
strains isolated from patient 3 were of a different type 
(BO). With primer set I, patterns B and C were 
distinguishable by one reproducible band of approxi- 
mately 240 bp. 
Cluster analysis of DNA fingerprints derived with 
primer set I and primer set 11 of the strains from patient 
1, patient 2 and the five other patients, except for 
patient 3, resulted in 89% and 90% similarity, 
respectively. The DNA fingerprint with primer set I1 
of strains from patient 3 (type (3) was 87% similar to 
the fingerprints of the other patients. Most non-related 
strains showed a similarity percentage of less than 85%. 
Among strains originating fiom staff members and 
strains from non-related sites, a large diversity of 
patterns was found with primer sets I and 11. In most 
cases, a reaction with primer set 111 was not necessary 
for discrimination (Table 1). Three strains (45, 46, 33) 
had pattern CB, which is idewical to the pattern of 
patient strains 27, 1 16 and 11 1. However, strain 45 was 
different when analyzed with primer set 111. Strain 46 
could only be discriminated from one of the patients’ 
strains with PFGE. Strain 3.3 had similar IINA 
fingerprints with the three prixer sets and was also 
indistinguishable from the patient strains by PFGE 
analysis. 
When air samples from the same hospital ward 
were investigated, S. liaernolytirirs was encountered in 
two of the four rooms investigated. DNA fingerprints 
Figure 1B Representative DNA fingerprints from S. hacmolyt icws isolates. Strain numbers are indicated to the left and 
correspond with the numbers given in Table 1. Primer set 11, ERICl+ERIC2. 
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from these strains and from two other strains derived 
from the hospital equipment differed completely from 
those of the patient’s strains. 
DISCUSSION 
S. huemolyticus is an organism which is difficult to 
eradicate, due to its multiresistance, including decreased 
susceptibility to glycopeptide antibiotics. The endemic 
occurrence in hospital wards is not always recognized 
and S. huemolyticus infections can be a problem for 
wards with immunocompromised patients or preterm 
infants [6,13,14]. Investigations of nosocomial S. 
huemolyticus infections have already been described 
by others [14-161. However, these groups used KFLP 
or PFGE patterns obtained with genoniic DNA to 
establish epidemiologic links. The banding patterns 
obtained with the RFLP study were rather faint and 
had a high background, making them difficult to read. 
The PFGE-based study resulted in highly discrimin- 
atory patterns. However, PFGE is technically too 
demanding to perform in a routine laboratory. 
The present study was undertaken to determine 
whether PCR-based fingerprinting is a useful tool for 
obtaining rapid and reproducible data on nosocomial 
infections with S. huemolyticus. PCR fingerprinting has 
several advantages over other genotyping techniques. It 
is universally applicable and it is rapid: results from up 
to 24 isolates can be obtained within 2 days. P C R  
fingerprinting provides a routine microbiological lab- 
oratory with a low-cost technique to resolve epidemi- 
ologic links in nosocomial outbreaks. The technique 
has sufficient reproducibility for comparative typing of 
a limited number of strains. However, sometimes a high 
degree of similarity between patterns is found, raising 
the question of whether patterns are distinct or not. 
For example, with primer set I patterns B and C 
were considered to be different because pattern B 
reproducibly displayed an extra band of approximately 
240 bp. With the use of cluster analysis of the Gel- 
Figure 1C Representative DNA fingerprint5 from 5’. hemolyticus isolates. Strain numbers are indicated to the left and 
correspond with the numbers given in Table 1 .  Primer sct 111. REP2+(TCC)6. M, 123-bp molecular weight ladder (Gibco) 
in (A) and (B) or Lowladder, molecular weight marker (Biozyni) in (C). 
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Table 1 S. huemolyticus isolates, PCR fingerprint patterns with different primer combinations and results from PFGE 
analysis 
Strain Site Date/ REP 1 ERIC1 U P 2  PFGE” 
iiumber of ‘lhi +(GTC)h +ERIC2 +(TCC)r, 
isolation Set I Set I1 Set I11 
Patient 1 
8 
2 
14 
22 
15 
16 
17 
24 
25 
26 
27 
28 
29 
Patient 2 
61 
62 
65 
52 
53 
54 
55 
56 
57 
.5 9 
71 
73 
Patient 3 
236 
237 
238 
Other Patients 
116 
111 
101 
102 
103 
Environment 
203 
204 
205 
206 
Other 
1 
3 
4 
23 
6 
12 
13 
20 
21 
40 
41 
42 
Palate 
Nose 
Throat 
Throat 
Stool 
Blood 
Throat 
Skin 
Stool 
Sputuni 
Stool 
Blood 
Throat 
Skin 
Stool 
Throat 
Blood 
Blood 
Blood 
Blood 
Blood 
Blood 
Blood 
Throat 
Skin 
Stool 
Urine 
Throat 
Nose 
Throat 
Stool 
Urine 
ND 
Air 
Pr. band’ 
Air 
Toilet chair 
d - 
ND 
N11 
Toe 
Trachea 
Grolll 
Catheter 
Ilrain 
Neonatology 
Skin 
- 
- 
18/12/90 
20/12/90 
24/12/90 
27/12/90 
28/12/90 
29/12/90 
31/12/90 
31/12/90 
31/12/90 
01/01/91 
01/01/91 
01/01/91 
03/01/91 
29/08/94 
08/09/94 
15/09/94 
20/09/94 
21/09/94 
22/09/94 
22/09/94 
23/09/94 
25/09/94 
25/09/94 
26/09/94 
26/09/94 
26/01/95 
26/01/95 
26/01/95 
01/04/92 
15/01/93 
11/10/94 
14/10/94 
14/10/94 
08/03/95 
08/03/95 
08/03/95 
08/03/95 
Leeuwarden 
Leeuwarden 
Leeuwarden 
Heerlen 
Heerlen 
Heerlen 
Heerlen 
Heerlen 
Leiden 
Leiden 
Leiden 
Rottcrdani 
B NDh 
B NL) 
B ND 
B ND 
B B 
B B 
B ND 
B B 
B B 
B ND 
C B 
B B 
B B 
C C 
C C 
C C 
C C 
c c 
C ND 
C ND 
C ND 
C ND 
C C 
C ND 
C C 
B 0 
B 0 
B 0 
C I3 
C B 
C C 
C C 
C C 
D E 
C F 
E E 
F G 
A A 
T W 
T W 
S R 
C 0 
c U 
1 E 
B c 
P V 
P D 
P Y 
Q N 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
ND 
B 
u 
B 
B 
B 
B 
B 
€3 
B 
B 
n 
n 
ND 
ND 
ND 
B 
B 
B 
B 
B 
ND 
ND 
ND 
Nl) 
A 
C 
C 
H 
11 
B 
B 
F 
G 
B 
B 
J 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
NI) 
ND 
ND 
N11 
NLI 
ND 
ND 
ND 
NLI 
ND 
ND 
NL> 
NU 
NU 
ND 
ND 
ND 
ND 
ND 
N11 
NI1 
ND 
NII 
ND 
ND 
ND 
ND 
L 
M 
N 
0 
P 
K 
S 
T 
Q 
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Table 1 (Continued) 
Strain Site Date/ REP1 ERIC1 REP2 PFGE" 
number of city +(GTC)6 +ERIC2 +(TCC)h 
isolation Set I Set I1 Set 111 
Other (continued) 
43 
44 
45 
46 
50 
Staff 
5 
9 
10 
11 
18 
19 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
207 
208 
209 
210 
21 1 
212 
213 
214 
215 
216 
217 
218 
219 
220 
22 1 
222 
223 
224 
225 
226 
227 
228 
229 
230 
23 1 
232 
233 
234 
235 
- 
- 
Skin 
Sputum 
- 
Hand 
Nose 
Hand 
Nose 
Hand 
Hand 
Hand 
Hand 
Groin 
Hand 
Hand 
Hand 
Nose 
Hand 
Hand 
Hand 
Hand 
Hand 
Hand 
Hand 
Hand 
Hand 
Hand 
Hand 
Hand 
Hand 
Hand 
Hand 
Hand 
Hand 
Hand 
Hand 
Hand 
Hand 
Hand 
Hand 
Hand 
Hand 
Hand 
Hand 
Hand 
Hand 
Hand 
Hand 
Hand 
Rotterdam 
Rotterdam 
Sneek 
Heerenveen 
Leiden 
10/01/91 
10/01/91 
10/01/91 
10/01/91 
11/01/91 
14/01/91 
14/01/91 
14/01 /91 
16/01 /91 
16/01 /91 
16/01 /9 1 
21/01/91 
21 /01/91 
22/01/91 
22/01/91 
22/01/91 
19/10/94 
19/10/94 
20/10/94 
21 / 10/94 
25/10/94 
25/10/94 
20/10/94 
26/10/94 
26/10/94 
08/11/94 
28/12/94 
28/12/94 
28/12/94 
28/12/94 
28/12/94 
28/12/94 
28/12/94 
28/12/94 
11/01/95 
16/01/95 
16/01/95 
17/01/95 
17/01/95 
17/01/95 
17/01/95 
17/01/95 
17/01/95 
17/01/95 
17/01 /95 
P D 
B C 
C B 
C B 
P X 
C P 
C P 
C D 
B' D 
R P 
B R 
C D 
P S 
C H 
C B 
B D 
R T 
C D 
U P 
R P 
C D 
C D 
C D 
C D 
C H 
C D 
C D 
H K 
H K 
I E 
K M 
H K 
C D 
M Y 
M Y 
N A 
H K 
C D 
C D 
C D 
C D 
C Y 
0 H 
0 H 
P N 
M Y 
P M 
A' J 
J L 
G J 
B 
K 
L 
B 
L 
B 
B 
D 
B 
B 
E 
B 
I 
B 
B' 
B 
B 
B 
B 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
J 
J 
U .  
V 
W 
X 
ND 
P 
C 
C 
E 
C 
G 
C 
H 
F 
A 
C 
C 
C 
K 
C 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
J 
"PFGE from Degener et al. [6]. 
bND, not done. 
'Blood pressure band. 
dSource not known. 
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Conipar program on all 99 isolates, patterns B and C 
displayed a siniilarity of 90‘96. There is no consensus yet 
on the definition of a ‘PCK type’, as has been proposed 
for PFGE patterns (17,181. Defining such criteria for 
random amplification assays will be much more 
complex. Criteria depend greatly on the primer sets 
used, the number of bands obtained and the method 
used for Interpreting patterns. Interpretation in the 
study presented here was performed by visual inspec- 
tion of the patterns. The GelConipar program was 
mainly used to confirm our manual readings by coni- 
bining tracks from different gels. 
In order to improve the discriminatory power of 
the fingerprint technique, we recornniend the use of at 
least two independent primer sets. With primer set I, 
KEPl +(GTC)(;, 21 genotypes were identified among 
99 S. lzuenzalyticus isolates tested. Addition of a second 
typing reaction with primer set 11, ERIC1 +ERIC2, 
resulted in extra discrimination of isolates which were 
considered identical on the basis of the fingerprints 
obtained with primer set I. In some situations PCR 
with a third primer set will be necessary, or another 
molecular typing technique such as PFGE can be 
performed for further discrimination or to confirm the 
similarities. 
We investigated niultiplr isolates from individual 
patients in the same hospital ward and compared these 
DNA fingerprint types with the DNA types of isolates 
which were obtained from staff members and isolates 
from other hospitals. In this study we found evidence 
that S. hacmolyticus strains isolated from different sites of 
the body and at different points of time from patients 
in the same hospital ward had similar DNA fingerprint 
patterns. The 90% similarity between these fingerprints 
suggests clonal occurrence. To investigate whether 
transmission between patients and staff had taken place, 
S. haeriiolyticus isolated from hospital staff were typed by 
PCR fingerprinting, One strain from the hand of a staff 
member displayed a PCK fingerprint pattern which 
was nearly identical to those from the patients. This 
similarity corroborated earlier findings with PFGE 
analysis of the same isolates [61. Strain 33 was isolated 
in 1991, during which time patient 1 was hospitalized. 
Samples with similar fingerprints were not obtained 
from any of the other healthcare workers examined in 
1991 and 1994. The staff member from whom isolate 
33 was obtained in 199 1 was sampled again in spring 
1996. However, at that time no S. haernolyticus strains 
could be isolated from his nose. Since no S. haernolyticiir 
strains with siniilar fingerprint patterns could be 
isolated from the environment in the hospital ward, 
patient-to-patient transmission of types CBB, CCB and 
BBB seems to be the most likely route of endemic 
spread of S. huemolyticus. Further epidemiologic studies 
will be needed to find a coniiiion bacterial source. 
Remarkably, the type CD was often found among staff 
members. No further investigaticm were performed on 
these isolates because this type was not isolated from the 
patients. 
S. huemolyticus needs more attention than it has 
received. Most epidemiologic studies are focused on 
S. epidermidis, a coagulase-negative staphylococcus sp. fre- 
quently encountered in hospital settings. However, 
S. huemolyticus encountered in imniunocoinproniised 
patients, niay show multiple resistance to commonly 
used antibiotics, including glycopeptide antibiotics. 
Local spread of CNS is an important problem which 
should be prevented by strict hygiene measures and 
antibiotic policy. 
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